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Autophagy can orchestrate innate immune responses to bacterial infection by targeting invading pathogens
for lysosomal degradation. In this issue of Cell Host & Microbe, Shahnazari et al. (2010) unveil the role played
by the diacylglycerol-PKC pathway in the routing of intracellular Salmonella to autophagy.Xenophagy is an innate immune response
whereby invasive microorganisms such
as bacterial pathogens are cleared by tar-
geting them for lysosomal degradation
(Deretic and Levine, 2009). This mecha-
nism can target both intracytoplasmic
and intravacuolar pathogens, indicating
that the host must have dedicated molec-
ular machinery for dealing specifically
with bacteria in vacuoles. This machinery
is part of the autophagy pathway, which is
a cellular response to starvation and
serves as a normal, physiological process
for eliminating nonfunctional proteins and
organelles. Autophagy is thought to be
involved in cell differentiation and has
been linked to cancer, neurodegenera-
tion, and inflammatory disorders such as
Crohn’s disease. A hallmark of autophagy
is the formation of a double-membrane
compartment around the vacuole, the
so-called autophagosome, which se-
questers the material to be degraded
and delivers it to the lysosomes. This
process involves signaling modules that
are conserved from yeast to mammals
and are encoded by autophagy (Atg)
genes. Although the methods for charac-
terizing autophagy have become more
robust and have facilitated its study,
a number of basic questions remain unan-
swered. For example, in this selective,
cargo-dependent process, the identity of
the signaling complexes that trigger auto-
phagosome recruitment and formation
remains a challenging issue.
Protein turnover is partially regulated by
ubiquitylation. The ubiquitin-binding p62/
SQSTM1 adaptor has emerged as a key
player in autophagy, in view of its ability
to bind the Atg8/LC3 (microtubule-asso-
ciated protein 1 light chain 3) protein
(Deretic, 2010). Hence, it has been sug-
gested that P62/SQTSM1 targets protein
aggregates to the autophagy pathway.Moreover, P62/SQTSM1 has been impli-
cated in the autophagy-mediated degra-
dation of peroxisomes and in the auto-
phagic modulation of tumorigenesis. Not
surprisingly, p62/SQSTM1 is also thought
to be involved in xenophagy. During inva-
sion by Salmonella typhymurium, a small
proportion of the bacteria escapes into
the cytoplasm and recruits the p62/
SQTSM1 adaptor (Zheng et al., 2009). Of
interest, p62/SQTSM1 can still be re-
cruited in Atg5/ mouse embryonic fi-
broblasts, which are defective for autoph-
agy, indicating that it acts upstream of
autophagy. In contrast, p62/SQTSM1
siRNA treatment does not inhibit autoph-
agy of S. typhymurium, suggesting that
alternative pathways are involved.
In this issue, Brumell and colleagues
report on such an alternative pathway
(Shahnazari et al., 2010). The authors
highlight a hitherto unappreciated role
for the lipid second messenger diacylgly-
cerol (DAG) in the activation of autophagy
followingS. typhimurium infection. Diacyl-
glycerols produced by phosphatidic acid
phosphatases (PAP) and phospholipase
D were found to promote the host cell’s
antibacterial autophagy response. This
response is further mediated by the
protein kinase d (PKCd). PKC1 was further
reported to be involved in starvation-
induced autophagy in yeast cells, sug-
gesting an evolutionary role for PKCs in
regulating autophagy. An important result
of Shahnazari et al. is the additive inhibi-
tory effect on bacterial autophagy
observed after siRNA treatment against
p62 and PAP or against p62 and rottlerin
treatment (a drug that inhibits PKCd).
Further, DAG+ and ubi+ labeling of Atg8/
LC3+ bacteria are seen to be comple-
mentary, rather than overlapping. These
findings prompted Shahnazari et al. to
suggest that two independent pathwaysCell Host & Microbe 8(PA-DAG-PKCd and ubi-p62/SQTSM1)
control the autophagy of intracellular
Salmonella.
This study provides an important
insight into the role played by lipid metab-
olism and lipid-dependent trafficking in
regulation of the autophagy pathway.
Although PIP3 have been implicated in
the biogenesis of autophagosomes from
the endoplasmic reticulum (Deretic,
2010), the present study by Shahnazari
et al. raises the possibility that the DAG-
PKCd pathway is involved in specific,
cargo-dependent triggering of the au-
tophagy response. It remains to be seen
whether PKC’s stimulatory role in autoph-
agy is broadly applicable, and the respec-
tive roles of the PKC isoforms have yet to
be defined. Similarly, the details of the
phosphoinositide regulation of autophagy
remain an open question at this stage.
Curiously, almost no major DAG-con-
nected signaling pathways were seen in
the network organization of the human
autophagy system recently published by
Harper and colleagues (Behrends et al.,
2010). However, members of the ubiquitin
network have been clearly identified in the
Atg interactome.
The triggers that activate either the
DAG-PKCd or the Ubi-p62/SQTSM1
pathway remain to be identified. For ubiq-
uitylation, neither the protein targets nor
the ubiquitin ligases have been fully char-
acterized. It is probable that they will be of
both host and bacterial origins. Onemajor
initial trigger could be the membrane
damage caused by bacterial entry. With
Salmonella, entry is mediated by a type
III secretion system, which forms mem-
branous pores for the delivery of bacterial
effectors. How the pore formation is
sensed by the cell remains an enigma.
Nevertheless, membrane weakening is
clearly observed with intracytoplasmic, August 19, 2010 ª2010 Elsevier Inc. 129
Cell Host & Microbe
Previewsbacteria that must escape from an inter-
nalization compartment. It was recently
shown that the disrupted vacuolar mem-
branes of Shigella flexneri undergo
massive polyubiquitylation concomitantly
with p62/SQSTM1 recruitment, which
takes part in the autophagy targeting of
these membrane remnants (Dupont
et al., 2009). Thus, the complex cellular
signaling associated with bacterial entry
is dramatically downregulated by degra-
dation.
Sumoylation (a conjugating system for
SUMO that shares some features with
ubiquitylation) is downregulated following
Listeria monocytogenes infection in a lys-
teriolysin O-dependent manner (Ribet
et al., 2010). Moreover, overexpresion of
SUMO has been shown to impair Listeria
infection. It is tempting to speculate a
role for sumoylation in autophagy regula-
tion, although this is yet to be examined.
It is also tempting to speculate that the
signal that activates DAG production is
part of a repair mechanism, as is130 Cell Host & Microbe 8, August 19, 2010 ªobserved during the LLO-dependent
entry of Listeria or during the endosome
recovery after osmotic shock, for example
(Shaughnessy et al., 2007). The genera-
tion of DAGs could also be directly
induced by effectors translocated from
the bacteria or following bacterial subver-
sion of the host cell’s lipid metabolism.
The importance of the autophagy-Nod
interaction and the autophagy-p62/
SQSTM1 signaling node has already
been emphasized (Dupont et al., 2009;
Cooney et al., 2010; Travassos et al.,
2010). In the report by Shahnazari et al.,
the emerging role of DAG and PKC
provides new clues for untangling the
signaling pathways involved in triggering
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Peptidoglycan recognition proteins (PGRPs or Pglyrps) regulate antibacterial responses in Drosophila, yet
their functions in humans remain unclear. In this issue of Cell Host & Microbe, Saha and colleagues report
that mammalian PGRPs can prevent aberrant interferon-g–induced inflammatory damage in vivo by modu-
lating the composition of the intestinal bacterial flora.Gastrointestinal (GI) homeostasis is a
fine balancing act between maintaining
immune tolerance toward the normal
bacterial flora that colonizes the GI tract
and mounting efficient innate and adap-
tive immune responses to enteric insults
such as injury or microbial infection.
In this issue, Saha and colleagues (Saha
et al., 2010) explored the crucial role
of murine homologs of peptidoglycan
recognition proteins (PGRPs or Pglyrps)
at the crossroad of the ever-evolving rela-
tionship between the intestinal immune
response and the enteric microbiota.PGRP was originally identified in silk
worms as a protein that could bind to
bacterial peptidoglycan (PG) (Charroux
et al., 2009). In Drosophila, there are 13
PGRP variants that have been shown to
mediate various innate antimicrobial
pathways in response to PG recognition.
For example, upon PG detection, PGRP-
LE can induce both the NF-kB proinflam-
matory cascade and the xenophagic
response, whereas PGRP-SB1 acts as a
secreted factor that is directly bactericidal
(Charroux et al., 2009). Mammals, on
the other hand, have four PGRP homo-logs: Pglyrp1 (also known as PGRP-S),
Pglyrp2 (PGRP-L), Pglyrp3 (PGRP-Ia),
and Pglyrp4 (PGRP-Ib) (Dziarski and
Gupta, 2010). Pglyrp1, Pglyrp3, and
Pglyrp4 have all been shown to have
bactericidal effects onbothGram-positive
and Gram-negative bacteria, whereas
Pglyrp2 acts as an N-actetylmuramoyl-L-
alanine amidase that cleaves bacterial
PG between the sugar group and the first
amino acid (Dziarski and Gupta, 2010).
All four PGRPs are expressed along
the length of the gastrointestinal tract,
with Pglyrp3 and Pglyrp4 being more
